It is most appropriate that the proceedings of this conference are going to be dedicated to the memory of Jack Youden. He was interested in many of the topics that are being considered at this conference, for example, interlaboratory comparisons, calibration, analytical methods, and measurement errors-both systematic and random. He was indeed a pioneering chemometrician, before the name existed. He was also interested in explaining to chemists, chemical engineers, and others how they could benefit by using statistical methods.
stage of research and development that questions of production should now be addressed. What are our most useful products? Who are out customers? Which products would they find most valuable? What are the obstacles that prevent these customers from using these products now?
How can these obstacles be overcome? What are the most important things that can be done in the next three years to reach new customers? What should the agenda be for chemometricians in the next few years?
There are two ways to learn. One is to listen, as in a lecture. The other is to engage in a dialogue, as in a conversation. The first way is passive. The second is active. Let's try the second way to learn from one another how we might answer these questions.
[Participants at this point wrote out answers to these questions, discussed them, and voted on them. The top vote-getters for the most important things that can be done in the next three years to reach new customers were the following, listed in order of decreasing number votes:
1. Organize joint conferences with chemists. 2. Write textbooks on chemometrics. 3. Conduct workshops and teach short courses.
4. Write user-friendly software. 5. Teach chemometrics to graduate students. 6. Write tutorial, expository, and review articles. 7. Undertake joint research projects with chemists.
8. Publicize success stories.
9. leach chemometrics to undergraduate students. 10. Communicate with management. 11. Hire professionals to help with a public relations effort. 12. Teach chemometrics to high school students.] I recommend that we take action on the basis of this list. Let me now make a few observations in closing. I would like to suggest a different starting point for statistics courses. Let us represent the relationship between an observed response y and variables xl,.x 2 ,. . . as y=f(X 1 ,x 2 ,X 3 ,X 4 .X 5 . * x, 126 ,. * ) -Many, many, many variables affect y. It is the fluctuation of these variables that gives us different answers when we repeat an experiment two or more times under "identical conditions." We are often interested in creating a mathematical equation (model) that involves a subset of the variables. For purposes of illustration, suppose this subset is (x ,x9.A. We can then write Note that the g function includes xl and x 2 (because of lack of fit of the model) as well as all the other x's. Lack of fit occurs, for example, because the model f may be taken to be linear inxl andx 2 but the actual relationship may be nonlinear in xi and x 2 . The function g is most often called experimental error, and it is almost as often endowed by writers with an abundance of desirable and well-known properties. They call it a random variable. A sequence of these experimental errors, they frequently say, can be assumed to be independent, identically distributed according to a Normal distribution with a zero mean and constant variance. I believe that statisticians too readily make this assumption and others like it. Sometimes such an assumption makes sense, sometimes not. We should be more careful on this point.
An adequate model is a function that will turn data into white noise, as George Box has said. An analogy that I find useful involves a process for separating gold particles from a slurry. If the process is fully efficient, the waste stream will contain no gold. It is therefore prudent to check the waste stream to see if it contains any gold. Likewise in creating and fitting models, it makes sense to examine residuals to see if they contain any information. The data contain information (that's the gold we want to get), and a good model will extract all the information in those data. Hence the residuals will be manifestations of white noise, an informationless sequence of values.
Chemists and chemical engineers could benefit from knowing more about variance components, statistical graphics, and quality control techniques (including Shewhart and cumulative sum charts). But, above all, I think they would find statistical experimental designs to be the most useful thing of all that chemometricians have to offer. Such designs provide a practical means for increasing research efficiency, which might be defined as the amount of information one obtains per dollar spent.
The damage done by poor experimental design is irreparable. A poor design results in data that contain little information. Consequently, no matter how thorough, how clever, or how sophisticated the subsequent analysis is, little information can be extracted. A good design, for the same expenditure of time, money, and other resources, results in data rich in information. A fruitful analysis is then possible. (Note that analysis is defined as trying to extract all the useful information in the data.) Two-level factorial and fractional factorial designs can be extremely useful for chemists, chemical engineers, and others who do similar work. One of the best ways for a student to learn about such designs is to set one up, get the data, analyze them, and interpret the results. For a number of years I have had students in our experimental design course undertake such projects.
The main piece of advice I give them is to work on something they care about, something they are really interested in.
Toward the end of an introductory one-semester undergraduate course in statistics, for example, one student said that he was a pilot and that, ever since he started to fly, he had asked instructors and other pilots what he should do if the engine failed on takeoff. He had been told by several people that he should bank the plane, go into a 1800 turn, and land on the runway from which he took off. Unfortunately, many different ways of doing this maneuver had been suggested. He successfully organized and executed a replicated 23 factorial design with three variables: bank angle, flap angle, and speed. He measured the loss in altitude. He started each test at 1000 feet instead of ground level. The experiment was a success. He learned which combination of factors he should use for his plane, and he discovered the minimum altitude for attempting such a maneuver.
Factorial designs can be understood and run with profit by graduate, undergraduate, senior high school, and junior high school students. Maybe younger students can use them, too.
Students can study the baking of cakes, the riding of bicycles, the making of chemicals, the growing of plants, and the swinging of pendulums. Dalia Sredni, when she was a seventh grader, for instance, studied the effects of changing oven temperature, baking time, and the amount of baking soda when making a cake. Students should be told about factorial designs early so that they can study systems that depend on many variables and learn how they work. Using such designs they can discover interesting things, have fun, and be surprised. Our students deserve more of these pleasures. I have included a list of 101 experiments that have been done by students at Wisconsin, to indicate the variety of things that is possible.
I would like to end by congratulating the conference organizers for the excellent job they have done. It is clear that they have worked hard to make-things enjoyable and rewarding for those of us who have been fortunate enough to participate. . temperature difference between surface and bottom waters, thickness of surface mixing time for an initially thermally stratified tank of layer, jet distance to thermocline, velocity of jet, temperature difference between jet water and bottom waters
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